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About the cover:

This composite photogra;t))h depicts a collection of fixed wing air vehicles and conceptual
designs that have and will benefit from the development of air vehicles technologies. The
Air Vehicles Technology Area continues to address the current fleet needs and at the same
time develop revolutionary technologies that will satisfy the requirements for the next
%eneratlon warfighters. In order to accomplish these tasks two new technology emphases

ave been established: Today’s Aircraft Flying TomorrowlTAFT ; and Future Aircraft
Technology EnhancementsioATE.

TAFT extends the capability of the current fleet beyond its projected operational life
through the development and transition of advanced technologies. Technologies supporting
TAFT include survivable aircraft structures, weapons bay noise suppression, extended life
tires, and structural life extension techniques such as development of corrosion sensing and
monitoring systems.

FATE develotps revolutionarg technologies that will become the foundation for next
generation warfighters. It will be these new systems that will provide the US with air and
space superiority into the 21st century. ExampldSAGTE technologies include, affordable

LO data system, active aeroelastic wing, robust composite sandwich structures, advanced
compact inlets, photonic vehicle management systems, self-adaptive flight controls and
electric actuation, to mention some.

Note: This Technology Area Plan (TAP) is a planning document for the FY97-03 S&T program and is based on the President’s
FY97 Budget Request. It does not reflect the FY97 Congressional appropriations and FY97-03 budget actions, that may impact the
S&T budget in selected TAPs. You should consult WL/FIIB, (513) 255-4294 for specific impacts that the FY97 appropriation may
have had with regard to the contents of this particular TAP. This document is current as of 1 August 1996.

Internet access
Electronic copies of the most recent Air Vehicles TAP and other Air Force TAPs are now available on the world wide web (letters

are case sensitiva)ttp://www.afmc.afmc.wpafb.af.mil:12000/STBBS/info/taps/taps.htm

Additional information concerning this technology area is available on the Flight Dynamics Directorate home page:
http:/iwww.wl.wpafb.af.mil/flight/fihome.htm

Comments to this document should be sent to the attention of Mr. Harold Vazquez, WL/FIIB, e-mail: vazquehm@wl.wpafb.af.mil.



AIR VEHICLES

VISIONS AND OPPORTUNITIES

Prelude air and space superiority into tl#d st century. We

call this emphasis FATE, Future Aircraft

Air Vehicles continue toespond decisively to US T€chnology Enhancements.
adversaries with technological advantkat ensure —
our overwhelming military advantage. The Air ForceVision
is teaming with theArmy, Navy, NASA, academia,
and industry todefine and develop technologies to By the year 2000,
meetwarfighter capability requirements and address . i ) )
emergingand uncertain threatsThese technologies ~ “The Flight Dynamics Directorate will
must be affordable. be recognized as the Department of

Wright Laboratory’s FlighDynamics Directorate Defense leader in providing the
(FI) has alegacy of innovative design concepts such development of military fixed wing air

as fly-by-wire flight control systems, aeroelastically vehicle technologies.”
tailored wings, thrust vectoring nozzles andigh
angle-of-attack flight among other technologies. Our vision incorporate§ AFT and FATE areas

Air Vehicles is achievingsuperior Science and of emphasis.TAFT emphasizes developmentrafar
Technology (S&T) advances by focusing on term technologies to extend the AF fleet beyond its
technologieghat extend the AF fleet service life as original service life. FATE emphasizegevelopment
well as technologiesthat produce revolutionary of breakthrough technologiesfor long term
advances in military weapon systems. Due to budgeevolutionary fixed wingair vehicles. This balanced
constraints the current AHeet must operatevell  approachwill ensure emphasis on affordability and
beyond its initially projected operational life. supportability while encouraging innovative system
Therefore, ways to significantly extend fleet life andsolutions.
capability, while reducingcost of ownership must be
found through aggressiv@&T application. We call  Principal Planning Strategy
this emphasisTAFT, Today's Aircraft Flying
Tomorrow. , The Flight Dynamics Directorate leads the

Studies such as thidew World Vistas and AF  geyelopment of several multi-organizational — air
2025 are incorporated anexploited within Al epicleS&T strategic planning effortsOne of these
Vehicles S&T to form the basis of the next efforts is the Fixed Winyehicle (FWV) Technology

generation warfight_e'r capabilities._ Will be the_se DevelopmentApproach (TDA) Integrated Product
newsystem capabilitiethatwill provide the US with Team(IPT). Thisintegrated product team consists
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of the AF, Navy, ARPA, NASA, academia, and coordination further helps to focasr vehicles S&T
industry. Togetherthey identify cooperative and so that the greatest benefits/payoffsraadized. The
individual S&T programs that arenecessary to Flight Dynamics Directorate actively participates and
achieve 510, and 15 year fixeaving vehiclegoals. supports these processes.

The FWV TDA directly supports the new

streamlined DoD Technologyirea Plan and its Summary

associated Defense Technology Objectivesvalsas
the Joint Aeronautical CommandeBsoup (JACG)
Aviation S&T roadmap. The FlightDynamics P . . .
Directorate is also the AF lead in a joint DoD/NASAd'.SC'pIInes t(.) prowdg the Air Force amdr nation
Fixed Wing Panel which seelfsrther collaboration with innovative solutions to bothear- and far-term
of S&T research resources. Thegslanning defense needs. Our scientists and researchers work in
processes araghoroughly integrated to ensure a !ntegrated Product Teamibat design, develop and
balanced and focused natiomdd vehicle technology Provide optimumair combat capabilities. It is the

Air vehicles technologygpansmultiple technical

investment. cooperation and coordination of thesHPTs,
consisting of DoD, NASA, academia, and industry
Opportunities that will ensure the emphasis afr vehicles S&T is

placed on the highest national defense needs.

The emerging FWV TDA will provide a During atime of decliningbgdgets and resources,
stabilized framework forwhich fixed wing air We arechallenged to maintain and provideitical
vehicles S&T investments can be identified, technologies, ensuring the natiosisperior defense

prioritized, and executed. THEDA will transition ~ capabilities. Affordability is paramount andgiven
national military fixed wing vehicle goals into utmost consideration in all phases of the Yahicles

warfighter capabilities. TechnologyArea. Wedeveloped astrategic plan for

The Air Force Modernization and Planning Air Vehicles S&Tbuilt aroundTAFT andFATE to
Process, Mission Area Plans, afethnologyMaster ~ensure we can maintawur leadership role, and to
Process all promotknkage betweemserneeds and build a foundation forcontinuing excellence into the
S&T  research. This  cooperation  andfuture.

This plan has been reviewed by all Air Force laboratory commanders/directors and reflects integrated Air Force
technology planning. | request Air Force Acquisition Executive approval of the plan.

RICHARD W. DAVIS, Colonel, USAF RICHARD R. PAUL
Commander Major General, USAF
Wright Laboratory Technology Executive Officer
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INTRODUCTION

Background

The Air Vehicles TechnologyArea, highlighted

in Figurel.1, is part ofthe Air Force Science and

Technology (S&T) program. The Air Vehicles
Technology Area Plan(TAP) identifies how
advancedircraft technology is developed &ddress

solutions to usemeeds by using the Technology
Master Proces§TMP) and the Mission Area Plans

(MAPs) adopted by HQAFMC and the user
community.

All  Air Force aircraft in service today

incorporate design criteria and subsysterdesigns
thatwere developednd validated in the Aivehicles

Technology Area. Recent successful

accomplishments include:
* Operational flight test of axi-symmetrithrust
vectoring nozzles orF-15 ACTIVE aircraft.

Flight tested configuration self-optimizing flight
control software to demonstrate range/payload

improvements.

+ Validation of the performance of advanced

compact inlet systems in a cooperatiwend
tunnel experiment with NASA, yieldindata for

low volume, low cost survivable inlets for

subsonic and supersonic flight.

* Integration of improved accuracy computer
models intocrack growth analysissnabling the
first time prediction ofstructurallife in arbitrary
stress fields and with residual stresses.

* Flight validation of low horsepower electric
actuators onaileron of NASA F-18 in joint
USAF, Navy, and NASA program teupport
ACC’s need for increased survivability and
decreased maintenance costs.

» Development of an improvedir-to-air targeting

decisionaid and successful testing ofnaissile

trajectory prediction algorithm.

Transition of mission compatible birdstrike

resistant transparencies to production Fel5,

F-16, T-38,and F-18. Demonstrated injection

molding process for low cost transparencies.

Demonstration of CombinedFire Fighting

Hazardous MaterigEnsemblefor use inintense

heat (3,000°F) and highly energetic chemical

spill environments.

These accomplishmentsre directly tied to

warfighter needs through the Technology Planning

Integrated Product TeafTPIPT) and the Mission

Area Plans (MAPs) process. The users #walr

specific needsare outlined within our Thrust

writeups.
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Figure 1.1: Air Force S&T Program Structure
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Air Vehicles technology users include the
Aeronautical Systems Center (AS@hich manages
the developmentind fielding of new aircraft and
armament systems; Air Force Materi€mmand
(AFMC) and MAJCOMs,which develop,process,
use, maintain and upgrade the existaigeraft fleet
from "cradle to grave"; the aerospace indusityich
develops, designs and manufactures military an
commercial aerospaceehicle systems; and the
Army, Navy, Marines, Coast Guard andrederal

AF S&T Balance

Air Vehicles ($90.4M)

W

Estimated AF S&T Budget for FY97: $1.272B

Aviation Administration (FAA) , which rely on the

Air Force for development/demonstration of Fixed

Figure 1.2: Air Vehicles S&T $ vs Air Force

Wing Air Vehicles technologies.The Air Vehicles S&T $
Technology Area is the Tri-Service Leéat Fixed
Wing Alrcr_aft in Integratlon Technolqu, The Air Vehicles Thrust Areas funding
Aeromechanics, Structures, Flight Control,Pilot  pyreakdown is shown in Figure 1.3.
Vehicle Interface,Vehicle Subsystems and Air Base
Technology. These technologiase mirrored in the Al Base .
Air Vehicles Thrust titles shown in Table I.1. Technology 'T”:zg;itl'ggy
Vehicle
Subsystems Aeromechanic
Table I.1: Major Technology Thrusts s
1. INTEGRATION TECHNOLOGY araton.
2. AEROMECHANICS Flight Control Structures
Estimated Air Vehicles S&T Funding for FY97: $90.4M
3. STRUCTURES
Figure 1.3: Major Technology Area $
4. FLIGHT CONTROL

Relationship to Other Technology Areas

. PILOT VEHICLE INTERFACE

. VEHICLE SUBSYSTEMS

7. AIR BASE TECHNOLOGY

Air Vehicles S&T Funding

The funding to achieve the required Afehicles
research ishown in Figurd.2, and reflects the Air
Vehicles technologwrea share (7% in FY97) of the
AF S&T budget. All funding isbased on the
President's FY97 Budget Request and is subject
change based on possible congressional action.

Air VehiclesThrustshave relationships with our
allies  through Data/Information Exchange
Agreements (DEAS/IEAs), and Memoranda of
Understandings/Agreements (MOUs/MOAs). We
have over 30 DEAs/IEAs with foreign countries to
conduct research anddevelopment in basic
technologiessuch as computational fluidynamics,
airframe weapons integration, aerothermodynamics
optimization, aeroelasticity analysis methodige
prediction technique®r high-temperature structures,
high AOA flight stability and control, flight control
techniquesstructuralintegrity, robust coatings and
epoxy transparency repair, among others.

We have MOUs with the Air Force, Army, Navy,
#hd NASA in subsystems and displachnologies
research, asvell as workingrelationships with the
Advanced ReseardhrojectsAgency (ARPA) on the
congressionally directed
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High Definition Systemgrogram. Specifically, we multiple site damage istructural risk analysis. A
have an MOU between the Navy and the Air Force tddemorandum of Understanding with NASA and
conduct full-scaleaircraft structuraltesting for the FAA is covering agingaircraft work in corrosion
Navy. This joint efforwill save theNavy the cost of fatigue, widespread fatigue damage, aepgairs. A
moving its existing full-scale facility to Patuxent jointly fundedprogram with Phillips Lab andlASA
River, MD. Additionally, we have MOAs with the is developing thermal protectiosystems, cryogenic
FAA and NASA Langley to explore agingircraft tanks, andcompositeprimary structures for reusable
technology. launch vehicles. A program is underway WitASA
The IntegrationTechnology Thrust has goint  Langley, Georgia Tech and Lockheed on modification
program, Innovative AerodynamicControl, with  and verification ofour flagship computer program,
NASA Dryden that will develop and flight ENS3DAE, for analyzingthe computational fluid
demonstrate the use thirustvectoringfor increasing dynamics oferoelasticity.
cruise range and reducindrag during “high g” The Flight Control Thrust has goint critical
maneuvers. Emphasis will be placed on using thexperiment with NASA and the Navyhis program,
vectoring nozzldor pitch and yaw trinwhile moving  Electrically Powered Actuation Design (EPAD),
the aerodynamic controls tolew drag streamlined flight validates electrical actuation designs for
position. primary control surfaces ofhigh performance
The Aeromechanic§ hrust works closelywith  military aircraft. Closely related are the Thrust’s role
the Navy and ARPA to provide affordable as agent fothe ARPA sponsored Electric Actuation
performance improvementsr future fighteraircraft. and Control System TechnologyReinvestment
Joint effortsare being accomplished with NASA to Program (TRP)developing a‘flight sized” electric
develop maneuverable extendeahge configurations actuator forthe F/A-18 stabilator,the cooperative
for advancedow signature fighters and transports.work with the Aerospace Propulsion and Power
Rapid aerospaceshicleassessment and optimization Directorate to develop flight control technology
codesare being developed, with close collaborationrequired for the More Electric Aircraft, and
between NASA, AFOSR and Wright Laboratory collaborative efforts with theStructures Thrust to
scientists, to maximize the payoff from each agency’'slevelop advanced flight control techniques and
investment. The AeromechanicEhrust provides actuationdevices to enable the control of aeroelastic
technical support to ASC inthe application of wings and other innovativestructure designs.
computational fluid dynamic§CFD) methods for Additional ARPA sponsoredorograms where the
solutions to flight problems encountered by today's-light Control Thrust isagent include(1) Fly-By-
operationalaircraft. Multibody CFD methods are Light Advanced SystemHardware program that
being developedor certification of stores carriage develops dual-use fiber optidechnology for
and release. Aeromechanm®grams imozzle and commercial and militargir vehicles;(2) LaserwWind
inlet integration technologyre accomplished as a and Hazard Profiler program theill improve the
team with the Aero Propulsion and Power Directoratability to measure flightvehicle air dataand wind
to increase performance, reduce weight and redu@®nditions for weapon delivery as well as detect
signature. dangerous wind conditions. The Flight Control
The Structure§hrust has goint effort with the  Thrust isthe Government team leader the ARPA
Naval Air Warfare Center to explorestructural sponsored consortium to develop an Autonomous
health monitoring of the Air Force and Naaircraft Landing Guidance Systefar all weather operations.
and significant improvements to thaircraft This thrust is alsdnvestigating the survivability of
structural integrity programs. A cooperative flight control systems. Programs deing developed
program withNASA Langley is testing the buffet to research the impact of interr@hsts on transport
alleviation approaches on1%6% model ofthe F-18  aircraft flight control systemsfor the Federal
tail. A collaborative in-house effort with the Aviation Administration, and identifyinghreats and
AeromechanicsThrustand Flight ControlThrust is  survivability enhancements to military flight control
underway to control buffet on twin-tail fighter equipment for the Joint Technical Coordination
aircraft athigh angle ofattack. Integrated Process Group for Aircraft Survivability. The USSOCOM
Teams havdeen developed with the Aeromechanicssponsored Intraformation  Positioning  System
and Flight Controlssubthrusts todevelop and program develops technologythat provides flight
demonstrate multidisciplinarydesign and analysis management, control, and deconfliction during
methods and activaeroelasticwing technologies. ingress, egress, rendezvous, formation, and terminal
Research jointly funded with the FAA ibeing area operationsThe Air Force Office of Scientific
conducted to accouifdr the effects of corrosion and Research (AFOSR) sponsors Flight Conffbirust
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research in multivariable control theory develop Vehicle SubsystemsThrust has arMOU with the
and maturenew design methodand flight control FAA to conduct researchaimed at providing
algorithms. AFOSR also sponsors research in Aihardening techniques to increase the survivability of
Vehicles targeted atdevelopingbetter aerodynamic transport aircraft. The FAA providesl00%funding,
modeling techniques tacapture highly nonlinear while the Air Force supplies test facilities,
effects. manpower, test articles andata. The Vehicle
The Pilot Vehicle Interface Thrust hasthe in-  Subsystem3hrust is alsavorking closely with other
house research program, Crew Station Associatervices and the FAA to explore options for replacing
Technology(CSAT), thatfocuses on a capability for banned ozone depletirgubstances such as Halon.
parallel, real-time data processing for aircrew This Thrust is working closely with Armstrong
decision aids. CSAT will integrate analytical Laboratory within the technology area of crew escape
information processing methods, sensor fusiono expand the performancenvelope of ejection
methods, appropriate processing hardware, andsystems.
methods of information andoftware management.
This Thrust also hashe Advanced Crew-Tailored Changes From Last Year
Cockpit Concepts (ACTCC) program thahsures
the latest state-of-the-art information control and  The Air Vehicles Technologirea— except Pilot
display formats are available tocrease situational vehicle Interface, and Air Bas&echnology - is
awareness and optimize workloatthus improving  aligned with the DoD Technologyrea Plan (DTAP)
combat effectiveness.ACTCC currently conducts for Air Platforms as supported bhe FixedWing
research in four areas: variable-detalectronic Vehicle Technology DevelopmeApproach. The Air
landing andtarget approach chartgpice control of  platformsTechnology Area is the integration lead for
cockpit information, flight pathway head-up andpoD Fixed Wing Air Vehicles.
head-down displayormats, and targetlesignation The Civil Engineering and Environmental
for 3-dimensional autostereactical displays. The Quality TechnologyArea Plan hadeen eliminated.
Pilot Vehicle InterfaceThrust iscoordinated with the The Civil Engineeringportion, renamed Air Base

Joint Cockpit Office in conjunction with the Technology is now athrust of the Air Vehicles
Armstrong Laboratory Crew SystemBechnology Technology Area Plan.

Thrust, which includes efforts of Armstrong The Air VehiclesPilot InterfaceThrust supports
Laboratory’s HumanFactors Engineering Division the DTAP in Human Systems Interface.
and Wright Laboratory’sSystem Avionics Division The Flight Dynamics Directorate (FI) has

and Advanced Cockpit8ranch. A robust and jnitiated a jointaircraft conceptual desigistandard
complementary  cockpit integrationdevelopment with academia, industry andovernment agencies.
program has been established between theseThe central focus is on multi-disciplinary designs,
organizations. ~ Coordination with tharmy and and the goal is talevelop an integrated design as a
Navy on the development of Activdatrix LIQUId Conceptua| design baseline.

Crystal Display (AMLCD) and graphical processors  The Air Vehicles Thrusts areresponding to the
is accomplished through direction by the Jointair Force’s new emphasis in unmanned/uninhabited
Aeronautical CommandeiSroup forthe Flat Panel  combatair vehicles (UCAV)and otherair vehicle

Cockpit Display project. configurations, asecommended by thSAB’s New
' The Vehicle Subsystem& hrust hastwo MOUs  world Vistas Study.
with NASA Langley Research Cent@raRC) on the The Flight Dynamics Directorataill develop

Radial and Bias Aircraft Tire Testing and theintegration technologies, aeromechanisguctures,

Improved Tire Life programs. NASBaRCsupplies  controls, and subsystems for a range of potential

facilities and manpower, and the Air Force suppliesiypersonic systems(air breathing and rocket-

hardware, data and  manpower. The powered, missile andaircraft) for the Aero
Propulsion and Power Directorate’s Hypersonic
Technology program (HyTech).
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THRUST 1:

INTEGRATION TECHNOLOGY

User Needs

The Integration Technology Thrust provides
technology solutions to a variety ofer needs as
stated in the MAPs, Mission Need Statements,

Research and Engineerif@DDR&E) hasaligned

the followinggoals to National, Interservice, and Air
Force usemeeds. These goadse grouped in the
technology subthrust areas of Advanced Development
and AdvancedConcepts. (See Figurél-1). The

Operational Requirement Documents and usefltégration TechnologyThrust will achieve the
proposed Advanced Technology Demonstratioriollowing goals for a class djaselmealrvehlc_les (F-
programs. Many ofhese deficiencies evolved from 22; C-17 and A/MC-130) by the year 2005:

operational userneeds throughstrategies-to-task

analyses. The users for Integratidiechnology
include Air CombatCommand(ACC), Air Mobility

Command (AMC), Air Force Special Operations
Command (AFSOC), Air Education and Training

Command(AETC), Air Force MaterielCommand

(AFMC), Aeronautical Systems Center (ASC), major'V'
System Program Offices, othgovernment agencies -

such as National AintelligenceCenter,commercial
industries and universities.

The programs in this thrudtave been derived to

solve the following user-documented needs:

* ACC requirementdor quick reaction; increased
low

range, maneuverability, and payload,;
observable weaponcarriage; smartweapon
support; controlled-flight departureprevention;
enhancedsurvivability; high AOA simulation
testbed; and affordabkechnologiedor the 21st
century.

* AMC requirements for
commonality,
real-time
weather
capability.

» AFMC requirements tcsupportthe Air Force

improved  cockpit

intraformation  station keeping

Test PilotSchool and to provide quick reaction

reliability and maintainability;
information to aircrews; and all-

20% reduction (RED.) in maneuvering wing
weight

Il. 20X increase (INC) thrust vectoring
nozzle life

Il 60% RED hinged control surfaces

60% RED loss-of-control accidents

25% Twin-tail buffet alleviation

VI. 25% INC. limit-cycle oscillation speed

VII.  25% INC flutter peed

VIIl.  6X INC air combat no escape zone

IX. Develop baseline notional aircraft designs
for all classes of aircraft families identified
in the DoD Technology Area Plan for Air
Platforms.
Develop conceptual aircraft systems design
& analysis toolkit for all classes of aircraft
families identified in the DoD Technology
Area Plan for Air Platforms.
Develop system level integration to exploit
synergistic benefits of Fixed Wing Air
Vehicles technologies.

These goalsare fully aligned with the Defense
Technology Objectives in the Defense Technology
Area Plan for Air Platforms.

support tothe major weapon Systems CenterdVlajor Accomplishments

and Logistics Centers in thareas ofcontrol
hardware and  software,
structures, subsystems and cockpit avionics.
* AFSOC requirements for improved thermal

energy management systems, night/in-weather

covert intraformation collision avoidance.

Goals

The primary Integration Technologyhrustgoals
are toidentify, mature, andransferthe benefits of
advanced multi-disciplinary  technologies.
Integration Technologyl'hrust in concert with the
Office of  the Director  for Defense

aeromechanicse

The

Conducted operational flight test of axi-
symmetric, thrust vectoring nozzles onF-15
ACTIVE aircraft. Flight tested configuration
self-optimizing flight control software to
demonstrate range/payload improvements.

« Designed internal pneumatic vortex flow control
hardware taletermine feasibility of using vortex
flow field manipulation as a viable means of air
vehicle low observable flight control.

Flight tested arembeddedGPS/INS navigation
system on theAFTI/F-16 as a riskreduction
demonstration forthe F-16 planned upgrade
program.

Integration Technology
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SOPLRA IV

INTEGRATION TECHNOLOGY THRUST

TECHNOLOGY

AREA % 97 98 % h1 BAYOFF
SUBTHRUSTS
Air Combat Supremagyii) N
PVC (v ( Military Utiization & Evaluation of Agile A(C:
Complete Design High Off Bore Sight HOBS prep for HOBS/VICATS  Rear Hemisphere
__for 16X (HOBS), HMD/ live fire launches live fire DRM launches, Side
| Captive Carry looking CAS
IV, V, VI VI
VISTA Upgradai, v) Future A/C Tech Enhancements (FATE) 3 7
Design of Gd/Fttestof  Demo Full IOC Initiate design  Complete preliminary Fight test Hight demo
ADVANCED VISTA high VISTA high Vectored VISTA | | /analysis of FATE ~ concept design  Active Aero- Multi-Ship
DEVELOPVENT | AOASystem  Display System Complete concept and trade studies  elastic Wing  Intearated Contr
\ J\ ,
Hight demo|
Extended Range Dermng v, vi, vi electric
e ) actuation
Nozzle How Contrafi, i, v, X
& PreimDesof  Detaled  Fabricate of Fabrication
% Aftbody/Nozzle Design test hardware complete
5 Complete Fluidic Demo
i\
MSSION RANGE
PAYLOAD
SURVIVABILITY
Tech Development Approach Tigok, X))
Prelim Fighter/Attack Md-level Fighter/Attack BExtention to
mission model mission model other families/DTOs
ADVANCED Conceptual AIC System Design & Analysis Toolkit (CASDETX, X)
CONCEPTS Reguirements Prototype  CASDAT | CASDAT Il A.Tra”?t'g‘ €
Definition Demo/Bval  10C loc roratt esign
Application Concepts
(IX, X X)
Notional Aircraft Desigrix, X, )
Concept Design Config Concept Design Config ~ Concept Design Config
(2 AIC Classes) (2 AIC Classes) (2 AIC Classes) /

Note: Roman numerals indicate linkages of milestones and goals; i.e. milestone contribution to goal (See Goals Section)

Integration Technology
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* Completed inlet distortiowind tunneltests on

agile aircraftwith visual cueing and targetirgystem

the Pratt & Whitney F-100-229 engine and Pitch{VCATS) helmet mounted display.

Yaw Balance Beam Nozzle apart of the
VISTA/NF-16 Upgrade program. Tests were

FY01: Off-the-shoulder antkar hemispherdive
fire demonstrations of Armament Directorate dual

conducted at AEDC to map inlet distortion of therange missile configuration equipped witkide-

large inlet with a P&W engine.

 Conducted a coordinatedata call between
industry, academia, argbvernment agencies for
notional aircraft design conceptghat will serve
as a bench marlfor evaluation ofadvanced
technologies with respect toser benefits and
affordability.

* Completed data analysis onthe Conceptual
Aircraft System Design Analysis Toolkit
requirements. This toakill enable Air Vehicle
S&T to beevaluated on baseline notiorsatcraft
designs. These evaluations wilidentify

looking conformal array seeker (CAS).

VISTA Upgrade:

FY96: Initiate thedesign of the VISTAhigh
angle-of-attack (AOA) system and programmable
display capability.

FY97: Complete all ground and flight test
development of the/ISTA programmable display
system.

FY98: Complete all ground and flight test
development of theVISTA high AOA system.
Demonstrate full Initial Operational Capability of the

technologies that will provide the most promise inVISTA high AOA system. This will realize a 5%

terms of capability and affordability.

Changes from Last Year

The Integration Technology Thrust was
reengineered to incorporate technology-driven
notionalair vehicles concepts whicreincorporated
into the Advanced Concepts coaeea. Thiscore

reduction in developmertdost by providing the Air
Force with a unique capabilifgr the simulation and
demonstration of high AOA flight operations.

Future Aircraft Technology Enhancements (FATE):
FY99: Initiatedesign andanalysis of theFATE
concept.
FY00: Complete preliminary concegésign and

area emphasizes synergistic benefits derived fronf€chnology trade studies for FATE.

integrating multidisciplines withinits technology
base. Thisintegration emphasispans both near-
term (current fleet) andechnology-drivenfuture

notional air vehicles.

Milestones

The milestones, outlined in Figure-1, are
grouped in their respectiveubthrust area. The
following milestones further expand the Gosdgtion
into specific quantifiable events by fiscal year.

Advanced Development

Pneumatic Vortex Control:

FY96: Completalesign forebody blowing system
and digitalFCS upgrade of the NASA DFRC F-
16XL aircratft.

Air Combat Supremacy:
FY99: Begin military utility evaluation flight

FYO01l: Flight demonstrate Active Aeroelastic
Wing. Thiswill realize a reduction in maneuvering
wing weight, cruise/maneuvedrag and hinged
control surfacesproviding control authorityor tail-
less configurations.

FY02: Flight demonstrate multiship integrated
control and electric actuation resulting in the
capability to control multiplerehicle composite strike
forces and use electric actuation as pringdeyices
for flight control surfaces.

Extended Range Demo:

FY96: Obtain cruise range optimization by
utilizing thrust vectoring to produce the pitch
normally obtained by th&ail. This isthe first step
toward reducing the drag and/or rudder size.

FY97: Complete all-envelope (subsonic/
supersonic) "quasi-tailless" flight evaluation on F-I5
range enhancemeaircraftusing the rudder to cancel
vertical tail effects.

FY98: Completeall-envelope flight evaluation of
reduced (~1/2) tail thrust-vectored F-I5 ACTIVE,

tests ofagile aircraft, head steerable weapon cueing,qemonstrating the feasibility diture directionally
high off-boresight agile missile system as part of the ||gtaple, highly maneuverable, tailless fighters.

Air Combat Supremacy (ACS) program.Begin
preparation for HOBS live fire launches.

FY0O0: Expand military utility evaluatiorilight
testswith live fire of high-off boresight missiléom

Integration Technology
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Nozzle Flow Control: FY00: Extension of theTDA Tool to other
FY96: Complete study of advancedozzle families/Defense Technology Objectives completed.
conceptsthat are low cost, low weight, highly

survivable and structurally integrated. Conceptual AircraftSystem Design and Analysis
FY97: Preliminarydesign of advancechozzle Toolkit (CASDAT):

conceptsthat are low cost, low weight, highly FY96: Completeduser requirements definition

survivable and structurally integrated. and survey/analysis of available “best practices” for

FY98: Completesubscale aerodynamic testing fixed wing vehicles conceptual design tools and
of advancednozzle concepts to determine fluidic methods.
throat areacontrol and fluidic thrust vectoring FY97: Proof of concept CADAT demonstration
performance. of state-of-the-art modular software architectwith
FY99: Completed detaildesign of advanced interchangeable modules and user-friendgsigner
nozzleconceptghat arelow cost,low weight,highly  interface.
survivable and structurally integrated.  FYO0O: FY98: Initial operational capability of
Integrate advancedhozzle concepts into a2lst CASDAT system with modules to design and analyze
century fighter airframe and conduct installed aeraevolutionary fixed wing vehicle concepts.

performance testing. FY99: Full operational capability of CASDAT
system with TDA tools integrated.

Advanced Concepts FY02: Transition of the Conceptual Aircraft
System Design Analysis Toolkit to industry,

Technology Development Approach: academia, andjovernment agencief®r technology

FY96: Government andndustry FixedWing investment and strategy planning.
Vehicle (FWV) Technology Developme#tpproach
(TDA) is constructing a representation of the nationaNotional Aircraft Design:
FWV 15-year plan in terms of payoffs, goals and FY96: Down select to two final notionalircraft
technical effort objectives in 5-year increments. Thelesigns, representative of two classes offéinglies
integrated product team is presently in a major effordf aircraft identified in the DoD Technology Area
to “stand up” the Fixed Wing program. Plan for Air Platforms. Identify andevelop modules
FY96: Demonstrate a preliminary comlabdel for tasks integration, payoff trade studies, and
for a fighter/attack mission to compare a subset of afeasibility studies on AirVehicles technologies.

vehicle technologies using common metrics. These modules will make up the Conceptual A/C
FY97: Demonstrate amid-level complexity System Design Analysis Toolkit.
combat model for the fighter/attack mission. FY97: Select final notional araft designs for

FY98: Demonstrate advanced cosstimating the remainingclasses of A/Qdentified in the DoD
tool incorporatingengineeringprinciples, toshow TechnologyArea Plan for Air Platforms. Develop
affordability impacts of advanced S&T. architecture to integratenodules developeibr the

Conceptual A/C Systenbesign Analysis Toolkit.

Integration Technology 8 Air Vehicles



THRUST 2: AEROMECHANICS

User Needs XI. { ,
XIl. 50% RED duct/inlet weight volume

XIll. 10% RED design/performance cycle time

Advanced aeromechanics technologigsid
extended range, enhanced maneuverability, and
increased payloadwhile enhancing affordability,
maintainability, and stealth. Substantial gains i
military aircraft performance and reducedesign

12% RED in take-off distance

These goalsare fully aligned with the Defense
Technology Objectives in the Defense Technology
MArea Plan for Air Platforms

complexity are realized by radically new
configuration concepts.

Major Accomplishments

The warfighter’s needs addressed in this
thrusthave been identified in their Missigrea Plan  *®
(MAP) documents and theeeds developed in the
TPIPT forum:

Air Combat Command's Counter Air

requirements  for improved range,

maneuverability, and acceleration. .
e Air Combat Command'’s Close Air

Support/Interdiction requirementr reducing
the range penaltfor carrying external stores and
developing the technology to provide a standoff
fast reaction weapon. g

* Air Force Special Operations Commanalieed
for air vehicle technology tsupportplanning for
replacement of agingransport aircraftand to
identify new aircraft with VSTOL capabilities.

» Air Force Space Command's Spacelift
requirement to plafor replacement of the Space *
Shuttle in the next century.

* Aeronautical System Center (ASCpystem
Program Office’s(SPO) technology needs for
modernday aircraft, such as F-117, F-22, B-2,*
C-17 andtechnologyfor emergingconcepts, such
as JSF.

Goals

The goals of the Aeromechanitisrust are
grouped into technicasubthrusts ofAerodynamic
Configuration Technology and Computational Fluid
Dynamics tosupport future airvehicle goals. (See
Figure A-1). The Aeromechanid$rustwill achieve
the following goals by the year 2005:

l. 12% reduction (RED) in cruise drag
II.  15% increase (INC) imaneuvering lift/drag

Completed wind tunnephase of the Unsteady
AerodynamicsProgram,documenting the origin
and strength of aerodynamic loads on vertical
tails encountered at maneuvering flight
conditions.

Validated the performance of advanced compact
inlet systems in a cooperative wind tunnel
experiment with NASA, yieldingdata for low
volume, low cost survivable inlet$or subsonic
and supersonic flight.

Completed dem/val of a multi-body CFD
computer coddor analysis of store separation
and system staging, with significant savings in
operating complexity due to connection of
computer-aided design (CAD) geometry with
unstructured grid generation.

Validated aero-performance of second generation
lambda-wing experimentally to show the high lift
design approach is consistentvith both low
observables and maneuverability.

Completed development ahterface method to
couple computational fluid dynamic and
computational structural dynamic analyses.
Completed evaluation of extendeange fighter
technology sensitivities to identify high payoff
concepts for detailed analysis.

Accomplished preliminary installation analysis
for pneumatic aerdevices, showing potential for
enhanced maneuverability and reduckdg due
to downsizing/elimination of vertical tails.
Collected thefirst known data setrevealing the
stability characteristics of high speed boundary
layer on a fully threelimensionalshape leading
the way to reduction of heating due to hgpeed
flight.

Ill.  35% INC onpayload range with weapons
IV. 25% INC in landing lift coefficient

Changes from Last Year

V. 75% RED imozzle weight

VI. 50% RED in nozzle signature

VII. 50% RED in nozzle acquisition costs

VIIl. 30% RED inweapons integration signature
IX. 15% RED in tail drag

X. 30% INC landing approach lift

The Computational Fluid  Dynamics

Subthrust was augmented by a closer alliance with

Aeromechanics
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the Advanced Diagnostigsrogram, providing more

AEROVECHANICS THRUST
TECHNOLOGY % 97 % %0 0 o1 1)
AREA SUBTHRUSTS
ACIS Aero-Srudtural Integration (1, XI)
Advanced Conpact Inlet Systers Inlet Tech for Adv LowCost AC(I, XI) PAYCHE
(A1) (I, X1)
— v
/( FATE Concept Dermo ) %S‘I‘D\V
AERCDYNAMC Fighter Aero o Developrrert (I, I, IV, 1X) | Aero Tech for LowCost Fit Veh (I, I, IV |><1
CONHGURATION
TECHNOLOGY
Adive FowvContrdl (L)  ——» Extended Range Denmo )
Hh L/D Bxtended Range Fighter (.1l
[ FUNT/RLidic Noz Area (V, M, Vi) | Lt W Durable Fixed Geo Nozzie (v, VL M) |
Nozzle Flow Control (V, M, V) \ SLRVVABLLITY
A
( FATE Gonoept Deno )
Co-OpWeapons Integration Technology @)V | Advanced Weapons IntegySeperation () V | /
3D OPTIMZATION (Xl MSSION RANGE/
| |\ PAYLOAD
| MUT-B00YCPD(, 1, X X) ZAUCs ez IR o )
COMPUTATIONAL
ALUD DYNAMCS | SEEK EAGLE GFD(l, I, M)
| COVPUTATIONAL ELECTROMGNETICS | )
timely response to theneed for experimental

validation of numerical methods.

Note: Roman numerals indicate linkages of milestones amgbals; i.e. milestone contribution to goal (See Goals Section)
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New World Vistas played &ey role in the planing aeroacoustic damage imaircraft twin nozzle
stages of our future program#&eromechanics plans installations to increase nozzle service life.

to initiate a strong program of research and FY99: Identify affordableextended range
technology development in advanced configurations ifighter configurations featuring advanced control
a multidisciplinary approach. Furthermore, effectors, efficient propulsion integration, and low
aeromechanics wilsupport avigorous program of drag weapons carriage.

research in flow control, aerodynamicesign FY99: Develop inlet surge loads analysis and
methods, andbasic aerodynamics driven by the structuresintegration for application t@ir vehicles
requirements of the advanced configuration programith extremely high thrust-to-weight ratios.

(Future Aircraft Technology Enhancements FY99: Achieve a completaerospaceehicle

or FATE). A graphical representation is show insynthesis capability fordesign optimization of

Figure A-1. mannedand unmanneair vehiclesthat will satisfy
multimission tasks

Milestones FYO0O: Complete design application of

pneumatic flow control devicesr highly survivable

The programs outlined in Figure A-1 are fighter aircrait. . hanical
grouped in their respectiveubthrust area. The FY00: Develop a microelectromechanica

following program milestones further expand the device application for active control of boundary
Goals section into specific quantifiablevents by |aYer transition and separatiachieving higift and
fiscal year. low drag with minimum energy addition.

FY0O: Develop opticallysmartskin system
Aerodynamic Configuration Technology to measure velocities in the boundary layer above a
FY97: Demonstrate fluidics technology for curved surface, significantly reducingdevelopment
exhaustnozzlethrustvector and throaareacontrol,  c0Sts for fight vehicles.

with a substantial reduction iweight andcost over _ FY0l: Produce lightweight low cost air

mechanical devices. vehicle concepts through innovative advanced
FY97:  Complete development of low @aerodynamic configurations

drag/low observable weapons pod/carriage concepts FY01: Complete experimentafiatabase for

for increasing weapons payload amr vehicle ©xtended range future aircraft technology

ranges. demonsftrator incorporating conflgqratloelemgnts
FY97: Complete experimental conform'mg to requirements ofminimum weight

compositestructure.

documentation of advanced low-cost, comaine

inlet designs to increase mission range of comb . . .
aircraft g g %omputatlonal Fluid Dynamics
.FY97: Complete  study ofhigh lift timi F'[Y?]Sf:or Q?(?rir?w\fnce ovgigg';il?/%iys Cr:eesé%n
aerodynamic concepts to reduce take-off mding O?rl r:zz Iosin ; vanced com J tional ]9 : Zmic
distances for transport aircratft. or range using pu tiydl
FY97: Developair vehicle concepts and Methods. mulati hni
designcriteria for advanced, affordablistermediate FY99: Extend flow simulation technique,

range, manned and unmanned systems wittast using both numeric and experimental methods, to
reactién strike capability. include space- andime-dependent solutions of the

FY97: Complete wind tunnel tests of combinedunsteady aerodynamic/structural problem,

advanced low-cost compacinlet demonstrating SUCh as twin tail buffet.

performance required to increase mission range of FYO0l: Extend computational
combat aircraft. electromagnetics analysismethod to permit

FY98: Complete definition of aircraft application to cavities and fullircraft survivability
aerodynamic  characteristics which  produce €valuations.

performance levels requiredor advanced SOF FY02: Complete multidisciplinarydesign

transports. computer program  to optimize  aerodynamic
FY98: Complete concepdesignstudy for characteristics for extende(_j range. _

SOF transportsemphasizing lowsignature efficient FY02: Combine  computational

cruise, and shorfield operation. Wind tunnetiata ~ €lectromagnetic ~ analysis ~ with  computational

will validate critical performance estimates aerodynamic design optimization methods to produce
FY98: Develop methodsfor reducing rapid solutions for survivable fighterconcept

definitions.
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THRUST 3: STRUCTURES

User Needs

The StructuresThrust supportghe Air Force
needfor higher performance, longer life, amdore
affordable and survivablaircraft structures. New
structural concepts and design techniquesill
exploit the latest materials, processes,

and

increasingstructurallife by 20% forthe engine
exhaust impinged structure of tiel7, B-2 and
F-117 by the year 2005.

lll. Expandthe combat capability aACC aircraft

by reducing thestructural weight fraction of
future fighter aircraft by 25% and cutting
airframe design time by 30% by 2005.

manufacturing technologies to produce more durable V- Reéduce AMC  operational ‘and maintenance

structures atlower weight and cost, “smart”
structures that correct for fatigue and batidenage,
and high-temperature structures for extreme
environment flight. MissionArea Plan (MAP)
needs addressed are:

e The Air Combat Command (ACC) needs
improved range, higher readiness,
performance and survivability, lower
vibration, and increased weapoascuracy, all at
lower cost.

 The Air Mobility Command (AMC) needs
improved field repairs, longer airframe lifetimes,

and greater reliability with fewer inspections. AMC

also needs improveaircraft economic service life,
despite the effects of fatigue and corrosion.

» The Air Force Special OperatioflSommand
(AFSOC) needs higher reliability, combat
availability, and lowervehicle signatures in short
takeoff and
landing sites.
e The Air Education and TrainingCommand
(AETC) needs much more reliablrframes,with
lifetimes as long as 100 years.

* The Air Force Spac€ommandAFSPC)needs
weight-optimizedstructures for botlthe expendable
and reusable spacelift systems.

Goals

The StructuresThrust goals aregrouped into
the following technologysubthrust areas:
Structural Integrity of Aging Aircraft, Integrate
Structural  Technology, Develop
Environment Structures, and Develop Smart
Structures(See FigureS-1). Some of themore
specific goals for this thrust include:

I.  Reduceaircraft structure fabrication costs by

40%, and operations and maintenaremests by
30% by the year 2005.

II. Improve reliability and combat readiness for

ACC aircraft by suppressingibration and

increased
buffet

costs byextending the remaining economic lives
of the Air Force fleet byl00% by the year
2005.

Reduce thatructuralweightfraction of military
spaceplane vehicles to 0.1 by the y2@05, and
develop moreaffordable, high-speed vehicle
structures toenhancefuture global range for
reconnaissance and strike for ACC and AFSPC.

These goalsare fully aligned with the Defense
Technology Objectives in the Defense Technology
Area Plan for Air Platforms.

Major Accomplishments

landing operations on unprepared

Ensure

Extreme

Integrated improve@ccuracy computemodels
into crack growth analysisgnabling thefirst
time prediction ofstructural life in arbitrary
stress fields and with residual stresses.
Demonstrated ten-fold (@00 hoursfrom 10)
increase in copper heat exchanger life for
hypersonic vehicle engines.
Completedfabrication of a reducedomplexity
(projecting an order of magnitude fewgarts)
refractorycompositeprimary structure fohigh
speed systems.

Generated a preliminary design o$taucturally
integrated nozzlefor advanced fighter/attack
aircraft, projecting apart count reduction of
50%, a support coseduction of90%, and a
10% weight reduction.

Established  Cooperative  Research  and
Development  Agreement (CRDA)  for
Automated Structural Optimization System
(ASTROS) development, marketing and
support.

Completed demonstration afdar absorbing
high temperature structure (70%); enhanced
broadbandRCS performance; extended fatigue
life in extreme thermadhcousticenvironment by
40%.

Structures
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STRUCTURES THRUST

TECHNOLOGY
AREA % 97 % e) 00 01 02 PAYOFFS
Q| SUBTHRUSTS
é’ Corrasion Sensor KC-135 Life Prediction \
@ Method
@ ENSURE Prototype Coral Reach . .
STRUCTURAL Corrosion/Fatigue
INTEGRITY OF
AoNG | Repairs |
ARCRAFT 7 . §
FAA Bolted Repair 66% Spar \alicte Composite
) Analysis Preferred Spare Bonded Repair
Repar Todl for T-38 S
{ SURVIVABILITY
Active Aeroelastic Wing ™
Multicisciplinary Manned Hight Deno
Design and Analysis
| Affordable Composite Airframe
INTEGRATE / Jr—
DESIGN A
- | Robust Corrposite Sandwich Demo
8 Validation of Full-Scale]
. o] Primary Structure /
W 7/ ACQUISITION/
= : Q&S COSTS
C/C Primary TMC Winghox TAV Stuctures
Structure Ground Deno &TPS Gound -
Ground Deno Deno Hypersonic Structures |
SavEe High Speed \ehicle Structures I—/\
EXTREME | Hgh Termp Strain Joint Design Arlysis ~ Advanced CMC
ENVIRONIVENT | Measurement &Life Prediction Stuctures IR Shield High Lift
STRUCTURES Technology Dermo Device Structure
Vi
Low Observable Compatible High Temperature Structures |
Erosion & Thenrel Washed Structure Integrated Airframe Exhaust Washed
Ferfq'rmme Engine Test Nozzle Demo Structure
MSSION
> NASAAF RANGE/
2- - Tail Buffet PAYLOAD
DEVEL - Investigation - —
< SMART | Conformal Load Bearing Antenna Structures | S | Tail Buffet Alleviation |
% STRUCTURES Joint Stike URV Active Wing Warping Structures | Life Extersion
Fighter . UAV Adsptive/ forHighOC
Technology Active Warping Structures Airframes
Aeroelastic Wing Flight Dermo
Note: Roman numerals indicate linkages of milestones amgbals; i.e. milestone contribution to goal (See Goals Section)
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» Completed conceptual design oprimary
sandwich structure componentsthat reduce
weight by 20% andlife cycle cost by 30%
relative to conventionahoneycomb sandwich
structure.

 Completed fabrication of an advanced
composite  bonded wing  section that
demonstrates a 50%eduction in composite
manufacturing cost and 25%eduction in
support costs.

* Completed detail desiganalysis of a structural
component that demonstrates first time
structural health  monitoring for aging
operational aircraft.

Changes from Last Year

Increased emphasisas been placed on aging
aircraft bythe DoD and the Air Force. The Wright
Laboratory Customer Focus Integrated Product
Team (CFIPT) on Aging Systems is directly
supported by oufging Aircraft Subthrustwhich is
placing increased emphasis on life extension,
including the development @rrosion sensing and
monitoring systems. This will result in reduced
costs of maintainingur aircraftfleets, whose ages
in some cases are reaching 50 years or more.

Increased emphasis placed on New World
Vistas areas of Global Mobilty and
Lethal/Sublethal Power Projection.

Milestones

The milestones, outlined in Figug&1, aregrouped
in their respective subthrust areas. Thegestones
further expand the Goals section imtmre specific
quantifiable goals by fiscal year.

Ensure Structural Integrity of Aging Aircraft

FY96: Develop proof-of-concept corrosion
sensors to reduce the numbeagst, andtime of
inspections for corrosion, and farovide greater
reliability. This supportshe needs oboth AMC,
ACC and AFSOC.

FY97: Develop an active suppression system for
weaponsbay acoustics toreduce vibration and
increase theenvelopeand combat effectiveness of
ACC aircratft.

FY97: Developstructuralintegrity analysis for
bondedrepairs to ensure airworthiness for repaired
AMC aircraft.

FY98: TransitionT-38 66% sparedesigned for
service durability to AETC.

FY99: Develop service life/riskanalysis to
account forthe effects of multiple site damage and

corrosion fatigue interaction to provid®MC and
AETC with longer-lifetime airframes.

FYO00: Validate design tool for composite
repair.

FYO1: Improve life prediction andsk analysis
for widespread fatigue damage.

FY02: Develop validated active control of
weapon bay acoustics

Integrate Structural Design with other Aircraft
Disciplines

FY96: Validate multi-disciplinary maneuver
load control design methods to redgressweight
of future ACC fighteraircraft by 10% folimproved
combat capability.

FY97: Complete static, survivability, and
fatigue testing on a full-scale, low-cosgmposite-
bonded wing.

FY98: Complete full-scale validation of
primary sandwich structure to supporthe ACC
needs for improved range and payload.

FYO1: Perform flight test demonstration of the
active aeroelastic wing concept.

FY02: Complete affordable
demonstration.

airframe

Develop Extreme Environment Structures

FY96: Demonstrate durdity of advanced
superalloy heat exchangers for high speed vehicles.

FY96: Demonstrate durability of ceramic
matrix composite structures for airframe aft
fuselage.

FY98: Develop 4,000-hour supportablengine
exhaust-impingedtructure concepts for current and
future aircraft.

FY99: Demonstrate thé.1 structural mass
fraction required for a military transatmospheric
vehicle.

FY0O0: Reducevehicle Infrared (IR) signatures
50% over non-actively cooled desigifer extended

survivability.
FYO01: Demonstrate ceramic aircraft fuselage.
FY02: Demonstrate 8,000-hour exhaust

impinged structural concepts.

Develop Smart Structures

FY96: Analytical modeling of smart structures.

FY97: Ground testpiezoelectrictail buffet
alleviation for structural life extension.

FY97: Ground test conformal load-bearing
antenna structure to increase stealthiness for
improved ACC operational effectiveness.

FY98: Wind tunnel demonstration of
adaptive/warping structure foperformance and
maneuver.

FY99: Demonstrate adaptive/warping on a
UAV structure for performance and maneuver.

FYO1: Flight test demonstration of active smart
structures.

Structures
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THRUST 4: FLIGHT CONTROL

User Needs

The Flight ControlThrust focus is toadvance

technology in control system design methods and

criteria, hardware andmechanization of that
hardware, and pilotedir vehicle simulation taneet
our customerseeds. Technology challengeglude
increased range, lethality, and survivability,

accompanied by decreased costs and supportabili@/-

requirements.
The customerseeds addressed ithis thrust

Control Thrustwill achieve the followinggoals for a
class ofbaselineair vehicles(F-22, F-18, H/MC-130
and C-17) by the year 2005:

30% reduction (RED.)
development costs

150 pound RED. in flight control hardware
70% RED. in low visibility mission aborts
20% RED. in lifting / control surface drag

. 50% RED. in cannot duplicate maint. actions
VI. 70% RED. in control related accidents

in flight control

have been identified in the following Mission Area Y!l: Electric Actuation up to 30 HP

Plan (MAP) documents:
ACC’'s Theater Missile Defense requires
technologies tattack/kill multipletargets on a&ingle
pass.

ACC'’s Strategic Attack/Air Interdiction calls for
increases in reliabilityvhile reducing systerweight
and supportability costs.

Counter Air requires

VIIl. New capability: Self-Adaptive Control
IX. New Capability: LO Optical Air Data System

These goalsare fully aligned with the Defense
Technology Objectives in the Defense Technology
Area Plan for Air Platforms.

support equipment be minimized toeduce airlift

Major Accomplishments

requirements.

Special Operations CommandSOC) Provide
Mobility of Forces inDeniedTerritory requires new
long-range, low observabkarcraft designed to fight
deep in the battlefield.

ACC’s Counter Air requiresveapon systems to

Demonstrated Ada  Software  Integrated
Developmentand Verification System tcsupport
ACC’s need to reduce overheadfor low rate
production.
Flight

. validated low horsepower electric

operate in alenvironments on the ground and in theactuators onleft aileron of NASA F-18 in joint

air (in all weather).

Air Mobility Command’s (AMC) Airlift calls for
electricactuators and fiber optics fighter, smaller
actuation controls.

AETC has the requirement to improve
networking performance for training simulators.
The WL Operational Requiremenisechnology
InvestmentPlan identifies SOC, ACC, AMC and

USAF, Navy, and NASA progransupports ACC’s
need for increased survivability anddecreased
maintenance costs.

Demonstrated advanced Fly-By-Light flight
control system tsupport AMC'’s call for fiber optics
for smaller, lighter controls.

Developed preliminary  control system
architecture and candidate pilot/vehicle interface

AETC needs for increased range, payload andconcepts for a two manned/founmanned strike

maneuverability.
flight at high AOA to improve survivability and flight
safety.

Goals

The primary goals of the Flight Contrdhrust are
to reduceair vehicle desigrand developmentcosts
and to improve combat mission effectiveness.
Flight ControlThrust hasaligned the following goals
to National, Interservice, and Air Force usmeds.
These goalsare grouped in technologyareas of
Design Methods andCriteria, Control Techniques
and Applications, and Flight Contral'echnology
Integration and Flight Simulation. The Flight

It requires maintaining controlledvehicle package

Thylaneuver Set onNASA F-18.

to increase lethality and
survivability.

Completed and publisherbbust, multivariable
flight control design guideline handbook. Several
airframe companiesare successfullyapplying the
techniques.  Supports the goal of reducing
development costs by 20%.

Completed flight testing thBtandard Evaluation
Showed the
maneuvers were an excellemgpeatable way to
evaluate agileaircraft flying qualities. Supports the
goal of reducing flight contraflevelopmentosts by
20%.

Identified aerodynamic control effector suites that

enable effective control of vertical tailless

Flight Control
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FUGHT CONTROL THRUST

(

Twist Adaptive Wing Subscale Demo )

Peroelastic Wing Oortrol/

]

MSSION RANGH
PAYLOAD

Fixed Wing Vehicle Mission Technology Simulations (1, 1ll, V1)

SOPLRA IV

TECHNOLOGY % 97 % % 00 o1 02
AREA SUBTHRUSTS
| Innovative Control Effectors (IV) | A
( LOCon Effedor Sites ) PAYOH
Z\%‘gm | Recorfig-rable Cortol o Talless Fgfters (. WI) | | SeAdsptive Fliht Contd , VI AOQUSITION
( \alidated Agorithns ) Flight Test Q8MCOSTS
| Flight Cortrol Integrity Program (1, i) |
( F.Q Hancbook, Air Vehidle Spec, On-Board PIO Prevertion Agaithm ) )
| \Alidation of Blectric Actuation (1l, Il) \
( Hgh Response, High HP Electric Actuator
e | Autonomous Landing Guidance Pathfinder System () |
% Ag for SOF Aircraft
3 | LO Optical Ar Data System (IX) |
1 CONTROL -
A S ( Validated Moleculer Blscr System ) SURVIVABILITY
AND | Advanced Vehide Managemert Technology (11, V) | | Proonic enide Myt S5 (1Y) | 1
APPLICATION ( GoundTested Advanced WS Architectres ) (L Pybyligt Fight Gonird_ )
| Muitiship Integrated Control (Ill, V)
( Menned/UCAV Intemetted Cortra
Adaptive Muitidimensional Integrated Contrdl (I, V) | | AvVICSHight Test (, V)
(

Ar Combat Network Joint Ar \ehicle Cormbat UCAV Concept OF
TECHNOLOGY K Sim Capability ( Ading Systens BEval ( Qperations Assessment
INTEGRATION
SIMULATION | . _ Fight Contro mw systemTecrrqogy Integration Simulations (, 1il, V) | L
Automatic Targeting Close-in Ar PIO Qiteria )
Agaithms Combat Denmo

( AGPathfinder SmDemo )

Note: Roman numerals indicate linkages of milestones and goals; i.e. milestone contribution to goal (See Goals
Section)
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fighter aircraft. Supportshe goal of reducingircraft FY99: Completestudy of flow control effector
weight, drag, and radar cross section. technology for high L/D transports to support AMC’s
» Conducted air combat technology assessmentneed for increased range.

simulation to validate high off-boresight weapons  FY00: Completedevelopment of reconfigurable
launched with helmet mountedisplays fromthrust control algorithmsfor tailless aircraft.  Supports
vectoredaircraft. Supports ACC’seed toattack/kill ~ ACC’s need to improve survivability.

multiple targets on a single pass. FYO01l: Complete VISTA flighttest of tailless,
reconfigurable control algorithmsSupports ACC'’s
Changes from Last Year need to improve survivability.

FY02: Complete wind tunnégsts offlow control

Changes fromast yearinclude theseparation of the teéchnology for high L/D transports to support AMC's
Unified PIO Program into several interrelated N€€d for increased range.

projects to accommodate budget limitations and _ L

delays, and restrictive in-flight simulator schedules©0ntrol Techniques and Applications

Changes alsoinclude a 1 year slip in the FY97: Complete flight experiment oNASA
electrohydrostatic and electromechanicedtuators DC-8 Of innovative, moleculaibackscatter air data
flight test from1995 to 1996.Another change is the S€NSOr to support ACC's need for reduced signature.
addition in 1996 of a dual-use effort taccelerate FY98: Develop interface control documentation
development inoptical air data plusaddition of a and software speC|f|cat|9ns for |\/|u|tIShIP Integrated
cooperative research andevelopmentactivity to ~ Control tosupport ACC's and AFOSR’seed for
flight test modular,low cost vehicle management Increased survivability and New World/istas
systemfor unmanned vehiclesThe milestone for ©€MmPhasis on unmanned air vehicles. .
FY96 to demonstrate virtual strike warfare FY99:  Develop —control —system design
environmentwas notaccomplished due to ABAST ~ Methodology that integrates lightweight, - flexible
funding cut. The milestone for the transatlantic Structures andadvanced control techniques. This
network simulation demonstratiamas changed from SUPPorts ACC, AMC, and AFSOC'sieeds for
FY97 to FY98 due to MOWigning delays. We also 'eéduced weight and low observability.

doubled the size abur reconfigurabldlight control FY00:  Flight validate high horsepower
program and accelerated thechedule of our Intelligent Pump_EIc_ectrloActuator onflight crltlcal'
Multiship Integrated Control Program @mphasize control surface injoint USAF and NASA electric

New World Vistas technology development. program.  Supportthe ACC's and AMC’sneed to
improve actuation reliability and supportability.

FYO01: Complete limited flight testemonstration
of fundamental Multiship Integrated Control
_ - . capabilities covering ground operations, take-off and
The programs outlined in Figure FGalegrouped in - recovery, rendezvous, and autonomous operations to

their respectivesubthrust area. The following  gypportNew World Vistas emphasis on uninhabited
programmilestonedurther expand the Goakection  gmpat air vehicles.

Milestones

into specific quantifiable events by fiscal year. FY02: Flight validatehigh horsepower Electro-
: I Hydrostatic Actuator oflight critical control surface
Design Methods and Criteria to reduce aircraft weight while improving

. FY97: Complete wind tunnel testing and gypjvability, reliability, and maintainability for
signature evaluation ofnew low-drag control ACC, AMC, and SOCOM.

effectors for future strikaircraft. Thistechnology

supports ACC'’s need to improve survivability. - Flight Control Technology Integration and Flight
FY97: Complete VISTA-16 PIO simulation imulation

and flight test to evaluate ability of ground-based and  Fvg7: validate VISTAaircraft thrustvectoring
in-flight simulator facilities to accurately predetO.  gjmulation to support flight test effort.

Supports ACC's, AMC'’s, and AFSOC’seed to FY98: Demonstrate transatlantitetworked air
reduce developmertosts and TDA goal teeduce ghjiclecombat simulationSupports AETC'sieed to
control related accidents by 70%. improve networking performance.

FY98: Complete revision of Flying Qualities " pFygg: pemonstrate the Uninhabited Combat Air
Standard and Handbook, MIL-STD-1797B 10y/ghicle (UCAV) assessment simulation. Supports

support ACC’sneed for controlled flight athigh  New World Vistas emphasis orunmanned  air
AOAs to increase survivability. vehicles.
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THRUST 5: PILOT VEHICLE INTERFACE

hardened cockpit capabilities, reducemtew
tasking, autonomous precision landing capability,
enhanced imagerysupport, and integrated
mission planning.

User Needs

The Pilot Vehicle Interface Thrust provides
technology solutions toserneedsstated in Mission
Area Plans, Mission Need Statements, and
Operational Requirement Documents of Air Forcgaoals
Operational Commands. Additionally, thtBrust
addresses requestedpportfrom Air Force System
Centers, Air Logistic Centers, and othagencies
such as ARPA,NASA, the Defense Mapping
Agency,NIST, and industry.lts primary goal is to
develop, evaluate and integrate effective, affordablé
information display, and decision-aittchnologies
that reduce acquisition andupport costsgnhance
mission effectiveness, and increase survivability for,
current and future aircraft systems to fulfill Air Force
operational  requirements. Thethrust is
interdirectorate, comprised of Pilot/Vehicle Interface
(PVI) technology in the Flight Dynamid3irectorate,
and Display Avionics in the Avionics Directorate. In

The PilotVehicle InterfaceThrustgoals support
the Human Systems Interface DoD Technology Area
Plan (DTAP) goals andill be achieved by the year
2005. The goals are:

Develop innovativePVIs anddecisionaids that

improve situation awareness and redurew

workload by 60% compared toF-15E type

missions.

Demonstrate enhanced crew-tailoredhigh

workload crew systemdor single-seat strike

aircraft which lowers weight by5,000 pounds,

compared to the F-15E.

lll. Develop crew system to support the reduction of
the two-seat (F-15E) fighter/attack to one seat.

addition, much of the work iscarried out in
conjunction with Armstrondraboratory andhe Joint
Cockpit Office. In addition to the AWehiclesTAP,

IV. Develop large area, high definition, high

situational awareness (SActive Matrix Liquid
Crystal (AMLCD), Digital Micromirror Device
(DMD), Gas Plasma (GP)Field Emissive

reports are also made in the Human Systems Interface Device (FED), and flat panel displays féorm

section of the DoDIAP. The programs carried out
in this thrust address 1@perational deficienciethat
include:

Air Combat Command: reduced operation and
support costsall-weather operations, real-time
information, reduced crew workloadnproved

situation awareness, alternate contdsvices, V.

rapid mission replanning, laser-hardened cockpit
capabilities helmet-mounted display information,
on-board and off-board sensor information
fusion, and improved, reliable multi-function

fit, function retrofit (BR) to existingaircraft and
use in advancedircraft. These displaysvill be
fully sunlight readable and enabling 39-100
fold mean-time-between-failure (MTBF)
improvement over today’s electromechanical
(EM) and cathode ray tube (CRT) displays.
Develop an uninhabited combatir vehicle
(UCAV) operator station thagnables a single
operator to control up to foldCAVs in air-to-
air or air-to-ground missions.

displays.

Major Accomplishments

Air Mobility Command: increased reliability and
maintainability, reduced crew workload, all-*
weather operationsimproved cockpit avionics
integration, improved intraformation positioning *

information, inflight mission planning and
autonomous precision approach/landing
capability

Air Education and TrainingCommand: reduced
operation and support costagdvanced display
technologies, andsupport of weapon system
training. .
Air Force Special OperationsCommand:

Developed an
decision aid.
Simulated off-board, real-time information for in-
flight route planning.

Successfully tested a misstl@jectory prediction
algorithm.

Established an agreement with tHeefense
Mapping Agency for the investigation of
symbologies for electronic landing approach
charts.

Established joint work with NASA to perform
speech recognition flightests using ai©®V-10A
aircraft to testeffects of G forces andhoise
Developedand transitioned an improved crew-

improvedair-to-air targeting

advanced displays,improved night vision
capabilities, reduced support costs, laser-
Pilot Venhicle Interface 18
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PILOT VEHICLE INTERFACE THRUST
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THRUST GOALS

02 PAYOFFE

CREW SYSTEM ASSOCIATE TECHNOLOGIES

DEVELOP |

IMPROVED
DECISION
AIDS

(1,1, 11, & V)

DEVELOP
ENHANCED
INFORMATION
CONTROLS AND

DISPLAY
| ADVANCED CREW-TAILORED TECHNOLOGY CONCEPTS

FORMATS

(1,1, 101, & V)
| ADVANCED DISPLAY DEVELOPMENTS

INCREASE PIXEL
DENSITY OF
PANORAMIC
DISPLAYS
(IV&V)

IMPROVE
AMLCD MTBF
(IV&V)

INCREASE FLAT
PANEL DISPLAY

PRODUCIBILITY v
(IV&V)

ADVANCED PANORAMIC DISPLAY SYSTEM |<_

| PCD DESIGN

SURVIVABILIT Y
&

WARFIGHTING

CAPABILITY

PROCUREMENT A
OWNERSHIP
COSTS

Note: Roman numerals indicate liiges of milestones amgbals; i.e. mestones contribution to goal (See Goal Section)



vehicle interface for the GBU-15 in the F-15E
aircraft.

* Tested 2-D audio arltelmet-mountediisplay for
improved threat awareness in fighter aircraft.

* Enabled certification of the head-up display as a

primary flight instrument.

» Established baseline head-up disptaynbology
for autonomous landing guidance.

* Demonstrated and transitioned font evaluation
tool to the F-22 system program office.

* Commercialized the high definition Digital
Micromirror  Device (DMD) technology.
Selected as Displayechnology of theYear by
the Society for International Display (SID).

« Demonstrated a glass panel alignment and sealing. FY97:

system for rapid FED production.
* Demonstrated laser photolithography fbigh
density microtip fabrication for FED displays.

» Demonstrated a full color red-green-blue (RGB)

Solid State Lasetight Sourcethat will enable
the development of sunlight readable displays.

* Demonstrated a three color orgahiED source
for military display applications.

air target assignment.

FY00: Demonstratelecisionaids, coupled with
advanced displays and controls, to enableRibE
strike mission to be done with one crew member.
FYO1: Develop decisioraids thatwill enable a
single UCAV operator to control up to foldCAVs
in an air-to-air or air-to-ground scenario.

FY02: Demonstrate a full-mission capability of
UCAV operator station.

Advanced Crew-Tailored Technology Concepts

FY97: Demonstrate air-to-airmission using
cockpit voice control giving the pil@0% more eyes-
up time during combat situations.

Demonstrate tactical situation display
with sensor fusion, increasing single-ptagetkills
by 20%.

FY99: Develop UCAV operator interface.

FYO0O: Improve integration ofactical situation
displays, symbology, and information fusion to
increase target kills by 50%.

FYO1: Achieve 40% improvement insituational
awareness with no-eyewe8rD displays thatwill

« Developed a temperature-compensated, 8 bgnable embedded cockpits and full laser protection.

column driver for a-Si and CdSe AMLCDs.

» Developed a high resolutiah?80 x 1024pixel,
polysilicon AMLCD for projection display
systems.

» Successfully demonstrateéwscreen technology
for high brightness compact laser display
systems.

Changes from Last Year

Based on the New WorlWfistas Study, Wright

Laboratory has instituted a significant push in

uninhabited combatair vehicles and wehave

FYO1: Develop information controls and display
formats thatwill enable a singldJCAV operator to
control up to four airships in an air-to-air or air-to-
ground scenario.

Unique, Innovative and Improved Hardware for
Display Systems

FY97: Demonstrate laser bas@&anar Optic
Display (POD) system for B-52 aircratft.

FY97: Demonstrate a-million pixel density for
panoramic cockpit display.

FY97: Demonstrate 10,000-houimproved
MTBF over current AMLCDs and 0,000 units per

therefore initiated projects and set goals in that areaY€ar With 10% yield for AMLCDs.

A technology transition project in situation
assessment hégenstarted. This is int program
with the Aeronautical Systems Center.

Milestones

Crew System Associate Technologies

FY97: Demonstrate inflight route replanning for

rapid response to threaes)abling20% more mission
completions and higher survivability.

FY98: Demonstrate dynamic function allocation
integrate with cockpit evaluation systdor pilot-in-
the-loop part-task testing.

FY99: Demonstrate commercial inflightission
planning capability, integrated with ground-base
management systems.

FY99: Flight testnew knowledge-basedir-to-

FY97: Demonstrate &igh resolution/definition
front panel UCAV mission operator display station.

FY98: Demonstratetechnology for 2-fold
increase optical efficiency of AMLCDs and
demonstrate 15,000-hotTBF improvement over
current displays.

FY98: Demonstrate &igh resolution/definition
front panel UCAV mission operator display station.

FY99: Demonstrat8-million pixel density for
panoramic display.

FY99: Develop advanced micro machined

‘display engine (AMMDE) with 100,000 + hours
MTBF

FY00: Demonstrate compadtigh brightness >
00 FL Heads Up DisplagHUD) using diffractive
ptical elements and high brightness FED.
FYO0O: Develop high speedraphics processor to
enable UCAV vehicle operations.

Pilot Vehicle Interface 20
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THRUST 6: VEHICLE SUBSYSTEMS

User Needs AIR FORCE SPECIAL OPERATIONS
COMMAND

Improved airdrop accuracy.
* Reduced Manufacturing and support costs.
Improved reliability, maintainability, and
supportability built into all components.
Improved environmental control system.
Reduced aircraft weight and drag.

The Vehicle SubsystemsThrust focuses on
technology developments to decreaseraft weight,
increase mission range, reduce cost of ownership, aid
enhance survivability andafety, thusincreasing
warfighting capability. Weact as catalysts to °
transition ourtechnology outside Dolxpplications.
This thrustdevelops technologieghat addressnany
of the subsystems issues associated with an dg0als
vehicle. These technologies includensparency
systems, tires, wheels, brakes, landing getauts, The Vehicle Subsystems goals agrouped in
fire suppression, combat damage reduction, grouri@chnology areas of Ground Operations, Aircraft
turnaround, escape systems-flight scierprecision ~ Survivability, Aircrew Safety, and Therm&nergy
airdrop, thermal management, and component Management. Reduced manufacturing augbport
integrity. costs, andimproved reliability, maintainability and

The following requirements have beextracted supportability are an integrgart of each of these
from Mission Area PlansTechnology Planning areas.The goals listed belowre targeted toward F-
Integrated Product Teardocumentation and other 15, F-16, and F-22 classaircraft and will be
sources of requirements information through thedccomplished by 2005.

Wright Laboratory Product Technology Plan.

I.  40% red. in landing gear weight.

AIR MOBILITY COMMAND II.  175% incr. in tire life.
« Birdstrike resistant transparencies. lll. - 4Xincr. in energy efficiency.
e Improved airdrop accuracy. IV. 60% incr. in ejection seat stability.
« Better battle damage repair concepts. V. 50% red. in transparency O&M costs.
« Cost effective weapon system availability. VI. 20% red. in energy management subsystems wt.
« Reduced manufacturing and support costs. VIl. 25% red. in combat composite damage size.
« Improved reliability, maintainability, and VIIl. 20% red. in airframe component design time.
supportability built into all components. IX. 75% incr. in air drop accuracy.
X. 50% red. in on/off loading manpower.
AIR COMBAT COMMAND XI. 15% red. in armor weight.
. Reduced manufacturing and support costs. XIl. 30% incr. in windshield ballistic protection.
» Improved reliability, maintainability, and
supportability built into all components. These goalsare fully aligned with the Defense
« Airframe components that are easily repaired on Technology Objectives in the Defense Technology
the flightline. Area Plan for Air Platforms.
Enhanced battle damage repair concepts.
Increased number of landings per F-16 tire. Major Accomplishments

Need for maintenance diagnostics.
Birdstrike resistant transparencies with through- «  Defined new techniques for birdstrike avoidance.

the-canopy ejection. * Implemented-1B windshield redesign to extend
life and reduce cost.
AIR EDUCATION & TRAINING COMMAND e Mission compatible birdstrike  resistant
» Birdstrike resistant transparencies with through- transparencies transitioned to production for F-
the-canopy ejection. 15, F-16, T-38, and F-18.
* Reduced manufacturing and support costs. * Demonstrated injectiomolding process for low
» Improved reliability, maintainability, and cost transparencies.

supportability built into all components.

Vehicle Subsystems 21 Air Vehicles
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VEHICLE SUBSYSTEMS THRUST

PAYOFF

SURVIVABILITY

SUBTHRUSTS 96 97 98 99 00 01 02
Extended Life Tire (II) Light Weight/More Supportable/Smart Landing Gear (1) \
F-16 Tire Dem Advanced Landin:
GROUND Gear System
OPERATIONS
Lightweight Landing Gear (I) | Electrically Actuated Brake Shimmy Free Landing Gear (VIII)
TMC Landing | Flight/Taxi Shimmy Predictio
ear Piston Testeq Demo Capability /
~
Fire Suppression
AIRCRAFT [ Machine Vision J)
Fire Protection Dem:

Combat Damage Reduction (VII,XI)

Statistical Physics
for Penetration Prediction

ABDR of
Thermosetting Composites

Stress Wave Hydrodynamic Ram
Damage Attenuation Damage Reduction

Improved Precision Airdrop Capability (IX,X)

AN

Prototype

Computed Airdrop

Trajectory Sim

Integrated Percision )

. Operational : / '
GPS Dropsonde Release Point (CARP) GPS Dropsonde & Continuous CARP Avrial Delivery
Demo Algorithm Algorithm Demo Demo
AIR CREW
SAFETY Transparency System Cost Reduction and Life Extension (V,VIII,XII)
Injection Molded Flight Demo Transparency Injection Molded
Windshield Test Reqts. Injection-Molded ~ Fatigue Cracking Large Canopy
\ Windshield Criteria )
Subsyst Int Design Assess. Tech (VI VIII) Subsystems Virtual Design Capability (VI,VI11I)
Simulate Subsystemyjjrtyal Prototypin Advanced
THERMAL . ping| .
Energy Interaction
ENERGY ¥ Roadmap Visual Demonstration
MGMT
Advanced Thermal Management Concepts (VI) A/C Thermal Systems Dev (VI)

Heat Transfer Advanced High Efficiency Passive cooling  Actively Controlled
Enhancement Composite  Thermal Managemen techniques Heat Exchangers
Techniques Heat Exchanger System Components|

AN

>

Note: Roman numerals indicate linkages of programs and goals; i.e. program contribution to goal (See Goals Section)

ACQUISITION/
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URVIVABILIT *
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» Established test method for dust erosion and fire detection for dry bays.
» Validated birdstrike-resistant head-up display for ~ FY98: Develop methodsfor Aircraft Battle

F-15 and F-22. Damage Repair (ABDR) of thermosetting
» Established a first-principles-based definition ofcomposites.

the ballistic limit for vulnerability assessment. FY99: Develop composite laminate failure
* Demonstrated solid propellagas generatofire  criteria.

extinguisher. FYO0O: Developstresswave damage attenuation
» Designed,built, installed advanceeéngine fire methods for composite laminates.

simulator. FYO1: Develop hydrodynamic ram damage

* Developed and demonstrated quantitative reduction criteria.
environmental prediction models.
* Demonstrated arr-16 electromechanical brake Aircrew Safety
system with performance superior to the current FY97: Validate B-1 low cost/long life windshield

system. FY97: Flight test/measure electrostatic discharge
FY98: Flight demo injection molded windshield.
Changes from Last Year FY98: Demonstrate transparency material
recycling.
The effort to validatetechnology for low cost FY98: ACES Il ejection seat stabilityconcept

injection molded transparencies hasovedinto the —demonstrated. S

flight demonstration phase. Reprioritized Thermal FY99: Grounddemo injectionmolded canopy/
Energy Recovery funding intaircraft component radome. .
developmentresearch because of higher potential FY99: GPS dropsonde operational prototype
payoffs. Anew effort was started in FY9éntitled System completed. o

Thermal Component Development. In response to FYO0O: Demonstrate  20%  birdstrike  cost
the New World Vistas study, the Precision reduction.

Containerized Aerial Delivery Systeprogramwill FY00: Transparency with tailored optics for
start in FY97. Helmet Mounted Display (HMD).

FYO1: Design criteria to prevent transparency
Milestones fatigue cracking.

FYO01l: Computed Air Release Point algorithm
validated through flight testing.

The programs and milestonesitlined in Figure "oy 5 " necraion  of | LO/LASER/Durability

VS-1, aregrouped in their respectivgibthrust areas.

These milestonefurther expand the Goalsection coating o

into more specific quantifiable events by fiscal year. dfc\gg% Demonstrate  40%  birdstrike  cost

Ground Operations FYO02: Integrated precision aeridélivery system
validated.

FY97: Fabricate and installspecialized test

equipment to demonstrate extended lifenefv tire
design/test technology. Thermal Energy Management

FY98: Demonstrate aR-16 tirewith double the FY97: Define technologies to modekimulate,
number of landings of current tires. and assess aircraft subsystem energy interactions.

FY99: Complete flight/taxi testing ofF-16 FY98: Fabricate advanced composite material

; heat exchanger.
Electrically Actuated Brake system. . . -
FYOO:yCompIete experi>r/nental validation of _ FY99: Validate high-efficiency thermal manage-

landing gear shimmy model. mentsystem concepts. : . .
FY02: Complete final design arfdbrication of FYO1: Demonstrate passiveooling techniques
TMC KC-10 centerline landing gear. as an alternative desigrfor aircraft thermal

management.
FYO01: Demonstrate high intensity heat-transfer

FY97: Demonstrate weapons-bay survivabilityteCh”ique_S to effectively miniaturize heat exchangers.
from a ballistic impact munition. FY02: Demonstrate full-scale, activetgntrolled

FY97: Transition first principles-based N€at exchangers.
algorithms into the Advanced Joint Effectiveness
Model (AJEM) vulnerability code.

FY97: Demonstrate machine vision overheat

Aircraft Survivability
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THRUST 7: AIR BASE TECHNOLOGY

User Needs II. Develop innovative technologies to rederergy

and utility systems operating and maintenance
The following userneeds have been identified in costs.

Mission Need Statements, Statements dfeed, Ill. Develop improved fire fighting agents,
Operational Requirement Documents, fr&@C and equipment, {:md techniques to_ protem@qpon
AMC, and DoD Energy Policy Directive documents. ~ systems against current aewhergingoperational

Air Force Bare Base Systems: The Air Force and wartime fire threats.

needs an integrated, expanded, and enhanced b&Ye Develop advanced fire fighter protective
base systems capability to facilitate and support €quipment and training systems to increase AF
contingencyoperations, force projection efforts, fire fighting effectiveness and safety.

and air combat operations. V. Develop on-site expedient hardening,
Sustainable Air Base Utility Systems: A critical ~ underground petroleum diibricants (POL) and
requirement existor rapid repair kitsincreased munitions storage methods, amethodsfor bare

sustainability, andmproved damage assessment ~Pase planning and applications.

capabilities to operate airbase utility systems foV!- Develop new pavemennaterials and advanced
both peacetime and wartime operations. compo_sﬂematerlal applications focontingency
Bare Base/Backup Power Systems: The bare Operations.

base powesystem is required during expedientV”-Devel_Op new transportaple shelters and
construction and operation of airbase facilties Cchemical/biological processing for bare bases.
for contingency force beddowand expedient _ _

post attackrecovery of vitalairbase facilities, |nesé goalsare fully aligned with the Defense
whereas thebackup power system is used Technology Objectlyes in the Defense Technology
primarily during commercial power outages. Area Plan for Materials and Processes.

Energy Usage Reduction in DoD installations:
Reduce facility energy consumptioB0% by
FY0O0 and boost industrignergy efficiency 20%
by FYOO over 1985 levels.

New Generation of Firefighting andCrash

Rescue Systems: Identifies nedds improved Y .
L switching technologies.
firefighting systems.

Replacement of Halogenated Fire Extinguishing ~Completed design of aacousticcycle mobile
Agent: Identifies a need to find a replacement heat pump that uses amducedpressurewave,

Major Accomplishments

e Fabricated a proof-of-conceptlightweight
generator set using recent advancesratary
engine, permanent magnegnd high speed

agent for Halon1301 used in currentfire allowing single-phase refrigerargach ashelium
suppression systemntbat protect vitalcomputer to achieve both thermodynamic heating and
systems and electronic equipment dammand cooling.

and control facilities. « Confirmed feasibility of using energy contents of

waste fuels by burning in boilershile meeting

Goals environmental concerns.

The goals of this thrust argrouped into the
technologysubthrust areas dEnergy, FireFighting
and Pavements and Facilities. The goals libtdow

Identified Phosphonitrilics as high potential
second generation candidatefor drop-in
replacemenfor Halon 1211 used ithe 150Ib

will be accomplished by FY03. flightline fire extinguishers.

Develop mobile energyand utility systems to
support Air Force’s Global Reach Glolibwer
doctrine.
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AIR BASE TECHNOLOGY THRUST

02

UBTHRUSTS 96 97 98 99 00 01
Bare Base Energy/Utilities Technologies
ENERGY f Lightweight Mobile " Waste . Solid Oxide ~ Superconductor )
Generator Heat Pum EERES Fuel Cell Generator
TECHNOLOGY P Sytem )
Fire Fighting Technologies
Combined Large Frame Halon 1211 Hypergolic Advanced Virtual All Weather
FIRE FIGHTING Fire Fighting  Aircraft Replacement Fuel Fire Film Forming Reality Fire Crash
TECHNOLOGY HAZMAT  Fire Fighting Det/Supp FF Agent FF Training Response
Ensemble System )
Bare Base Structures/Pavements Technologies
NewAir Mobile Portable Lightweight Advanced  Advanced Underground
PAVEMENTS Shelter Deesign GPR Matting for Shelter Pavement Storage for
& Pavement Aircraft Concepts Repair Bare Bases
FACILITIES : : :
Evaluation Parking Technologies

Note: Roman numerals indicate linkages of programs and goals; i.e. program contribution to goal (See Goals Section)

PAYOFF

Bare Base
Energy/Utility
Systems

Advanced
Fire Fighting
Capabilities

Bare Base
Pavement and
Shelter System



Demonstrated @ Combined Fire  Fighting
Hazardous MaterigEnsemblefor use inintense
heat (3,008F) and highly energetic chemical spill
environments.

Completed development of a solvent blend to
replace Butyl Carbitol, a toxicomponent of
Aqueous Film Forming Foam fire fighting agent.
Tested and evaluated an advanced roluegght
deflectometercapable of providing continuous
data onpavement conditions and loacarry
conditions.

Demonstrated successful ~ composite
reinforcement techniquer concrete elements
using full scale explosive tests.

Develop a lightweight, low volume deployable
power generator.

Changes from Last Year

Integrated Energy Management & Control

Systems and Efficient Utility Equipment Concept
projects were zero funded dueldoav priority ranking
by user communities and budget cuts.

Milestones

The milestones, outlined in Figu#BT-1, are

grouped in their respectiveubthrust areas.These
milestones further expand the Goals sectionrnmice
specific quantifiable events by fiscal year.

Energy Technology
FY97: Develop desigmriteria for more efficient
and easily assembled bare base utilities.

FY98: Develop a lightweight, high efficiency

acoustic mobile heat pump unit.

FY99: Develop a mobile solid oxide fuel cell for

bare base power applications.

FYO0O: Develop an environmentallpcceptable
deployable waste management system.

FYO1l: Develop a superconductive power
generator for bare base uses.

Fire Fighting
FY97: Demonstrate enhancedlarge frame

aircratft fire fighting capabilities.

FY97: Validate ultra-fast water deluge fire
detection/suppression systdéor DoD munitions
plants.

FY98: Demonstrate replacement for Halon 1211.
FY99: Demonstrate a hypergolic fuel fire
detection/suppression system.

FYO0O: Exploratory development of a more
effective, fully biodegradable film forming foam
fire suppressant.

FYO01: Demonstrate a virtual reality fifeghting
training system.

FYO02: Demonstrate a day-night all weather
emergency response fire crash rescue capability.

Pavements & Facilities

FY97: Develop a new family of portable shelters.
FY98: Complete Ground PenetratindRadar
(GPR) pavement evaluation technology for
contingency airfields.

FY98: Develop lightweight revettment systems
used with in-theater materialor bare base
shelters and parked aircraft.

FY99: Developtransportabldightweight matting
for aircraft parking and advancegavement
repair materials.

FYO0O0: Develop advanced concepts the bare
base storage of POL and munitions.

FYO01: Develop thecapability to enter/egress/
process in a chemical/biological environment.

Air Base Technology
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GLOSSARY

FAA Federal Aviation Agency
ACC Air Combat Command FATE Future Aircraft Technology
ABDR Aircraft Battle Damage Repair Enhancements
ACTCC Advanced Crew Tailored Cockpit FCS Flight Control System
Concepts FED Field Emissive Device
ACTIVE Advanced Controls FF Fire Fighting
Technology for Integrated Fl Flight Dynamics Directorate
Vehicles FR Form, Fit, Function Retrofit
AETC Air Education TrainingCommand FWV Fixed Wing Vehicle
AFMC Air Force Materiel Command FY Fiscal Year
AFOSR Air Force Office of Scientific
Research GP Gas Plasma
AFSOC Air Force Special Operations GPR Ground Penetrating Radar
Command GPS Global Positioning System
AFSPC Air Force Space Command
AJEM Advanced Joint Effectiveness HAZMAT Hazardous Material
Model HMD Helmet Mounted Display
AMC Air Mobility Command HOBS High Off-BoreSight
AMLCD Active Matrix Liquid Crystal HQ Headquarters
Display HUD Heads Up Display
AMMDE Advanced Micro Machined Display HyTech Hypersonic Technology Program
Engine
AOA Angle-of-Attack IEA Information Exchange Agreement
ARPA Advanced Research Projects INS Inertial Navigation System
Agency IPT Integrated Product Team
ASC Aeronautical Systems Center IR Infrared
ASTROS Automated STRuctural
Optimization System JAST Joint Advanced Strike  Technology
JIST JASTIntegrated Subsystem
CAD Computer Aided Design Technology
CFD Computational Fluid Dynamics
CFIPT Customer Focus Integrated LaRC Langley Research Center
Product Team LCC Life Cycle Costs
CIACS Close-In Air Combat Supremacy LO Low Observable
CRDA Cooperative Research &
Development Agreement MAJCOM Major Command
CRT Cathode Ray Tube MAP Mission Area Plan
CSAT Crew System Associat€echnology = MDD Multi-Disciplinary Design
MOA Memorandum of Agreement
DEA Data Exchange Agreement MOD Ministry of Defense
DMD Digital Micromirror Device MOU Memorandum of Understanding
DoD Department of Defense MTBF Mean-Time-Between-Failures
DTAP DoD Technology Area Plan
NASA National Aeronautics & Space
EPAD Electrically Powered Actuation Administration
Design NASA DFRC NASA Dryden Flight Research
EM Electromechanical Center
NIST National Institute of Standards &
Technology
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GLOSSARY (Continued)

ODDR&E Office of the Director for Defense TAV Transatmospheric Vehicle
Research & Engineering TDA Technology Development
ORTIP Operational Requirements Approach
Technology Investment Plan TEO Technology Executive Officer
T™MC Titanium Matrix Composite
P&W Pratt & Whittney TMP Technology Master Plan
PI1O Pilot Induced Oscillation TPIPT Technology Planning Integrated
POD Planar Optic Display Product Team
PVI Pilot/Vehicle Interface TRP Technology Reinvestment Program
TPS Thermal Protection System
RCS Radar Cross Section R&D TTO Technology Transition Office
Research and Development
RDT&E Research Development Test & UAV Unmanned Air Vehicle
Evaluation UCAV Unmanned/uninhabited Combat Air
RGB Red-Green-Blue Vehicle
USSOCOM  US Special Operations Command
SA Situational Awareness UTA Unmanned Tactical Aircraft
SAB Scientific Advisory Board
S&T Science & Technology V&V Validation & Verification
SID Society for International Display VHOBS Very High Off BoreSight
SOC Special Operations Command VISTA Variable-Stability In-Flight
SOF Special Operations Forces Simulator Test Aircraft
SPO System Program Office VSTOL Vertical/Short Take Off/Landing
TAFT Today’s Aircraft Flying Tomorrow WL Wright Laboratory
TAP Technology Area Plan WVR Within Visual Range
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TECHNOLOGY MASTER PROCESS OVERVIEW

Part of the Air Force Materiel Command To ensure this mission is effectively
(AFMC) mission deals with maintaining accomplished in a disciplinedstructured manner,
technological superiority for the U.S. Air Force by: AFMC has implemented the Technologaster
» Discovering and developing leading-edge Process(TMP). The TMP is AFMC's vehicle for
technologies. planning and executing an end-to-etethnology
+ Transitioning mature technologies to systemprogram on an annual basis.
developers and maintainers.

* Inserting fully developed technologies into our The TMP has four distinct phases, asown in
weapon systems and supporting infrastructure. Figure 1:

» Transferring dual-usdechnologies to improve

economic competitiveness.

< TECHNOLOGY NEEDS >|< PROGRAM >|<PROGRAM>|< PROGRAM
IDENTIFICATION DEVELOPMENT APPROVAL EXECUTION
S&T$
6.1-6.3 S N
C
U B I
CUSTOMER DEVELOPMENT [ m S U N
(T P D L E
(Labs) G G R
1 E
E = TECHNOLOGY A
MATS IMSTS " | i | cemoteer T poomoceo | °
: PROGRAMS p | PROGRAMS T
R
TPIPTs DPs . R o
(0]
E c c
—» TTO 0 > E - T
APPLICATION/ S U
INSERTION A s R
¢ E
K
Al'S INDUSTRY/
ALC
6.4-6.5 OTHER
TECHNOLOGY ~ 'ECHNOLOGY
Al = APPLICATION/INSERTION
DP = DEVELOPMENTPLAN
EV = ENGINEERING VALIDATION
MAP = MISSION AREA PLAN
MAT = MISSION AREA TEAM
MSP = MISSION SUPPORT PLAN
MST = MISSION SUPPORT TEAM
TEO = TECHNOLOGY EXECUTIVE OFFICER
TTO = TECHNOLOGY TRANSITION OFFICE
TPIPT = TECHNICAL PLANNING IPT

Figure 1 - Technology Master Process
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* Phase 1,Technology Needsldentification— ¢ Phase 3,Program Approval-Reviews the
Collects  customer-provided and customerproposed project portfolio with the customer and
prioritized technology needsssociated with both obtains approval forthe portfolio through the
weapon systems, product groups and supportingudgeting process. The output primary products of
infrastructure,then identify them by theeed to Phase 3 aréhe authorizations and appropriations,
develop new technology or apply/insert emerging orequired by the laboratories and
existing technology. These neesl® derived in a application/insertion programs, to executfeeir
strategies-to-task framework via the user-drivertechnology projects.
Modernization Planning Process.

* Phase 4,Program Execution-Executes the
* Phase 2Program DevelopmentFormulates a approved S&T program and technology
portfolio of dollar-constrained projects tmeet application/insertion program within the constraints
customer-identified needs frorRhase 1. The of the Congressional budget and budget direction
Technology Executive Office(TEO), with the from higherheadquarters. The products of Phase 4
laboratories,develops aset of projects fothose are validated technologieshat satisfy customer
needs requiring development akw technology, weapon system and infrastructure deficiencies.
while the TechnologyTransition Office (TTO)
orchestrateslevelopment of groject portfolio for ~ Additional Information

thosg _nee_ds yvhichcan be_ met by 'the Additional information on the Technology
application/insertion of emerging or existing Master Process is available from HQ AFMC/ STR,
technology. DSN 787-6777/8764, (513) 257-6777/8764.
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INDEX

active aeroelastic wing, ii, 3, 14

Active Matrix Liquid Crystal (AMLCD), 18

Advanced Cockpits, 2, 4,5, 7, 18

advanced compact inlet systems, 1, 9

advanced composite, 14, 23, 24

Advanced Crew-Tailored Cockpit Concepts
(ACTCC), 4

advanced low-cost compact inlet, 11

Advanced Multi-Disciplinary Design (MDD),
8

advanced nozzle, 7

Aeromechanics, 2, 3,4,5,7,9

Aeronautical Systems Center (ASC), 2, 5

aerothermodynamics, 2

affordability, i, iii, 7, 9

AFTI/F-16, 5

aging aircratft, 3, 14

Air Combat Command (ACC), 5

Air Education and Training Command
(AETC), 5

Air Force Materiel Command (AFMC), 2, 5,
29

Air Force Modernization and Planning
Process, ii

Air Force Science and Technology (S&T), 1

Air Force Special Operations Command
(AFSOC), 5

Air Mobility Command (AMC), 5

Air Platforms Technology Area, 4

Air Vehicles, ii, i,1ii, 1, 2, 4, 8, 18

Air Vehicles Technology Area, 1, 2

airbase, 24

airframe weapons integration, 2

Air Base Technology, 2

Armstrong Laboratory, 4, 18

autonomous landing guidance, 20
Avionics Directorate, 18

battle damage repair, iii, 21
birdstrike resistant transparencies, 1, 21, 23
brakes, iii, 21

CFD, 3,9, 27, 33

Close-In Air Combat Supremacy (CIACS),
7,8

Coast Guard, 2

combat damage reduction, iii, 21

Combined Fire Fighting Hazardous Material
Ensemble, 1, 24

composite, ii, 3, 11, 12, 14, 23, 24, 26

computational electro-magnetics, 11

computational fluid dynamics, 2, 3, 9, 11

computational structural dynamic, 9

conformal load-bearing antenna, 14

control techniques, 3, 17

Cooperative Research and Development
Agreement (CRDA), 12

Crew Station Associate Technology
(CSAT), 4, 27

Data/Information Exchange Agreements
(DEAS/IEAS), 2

Defense Technology Obijectives, ii, 5, 9, 12,
15, 21, 24

Digital Micromirror Device (DMD), 18, 20

electric actuators, 1, 15
electrical actuation, 3
Electrically Powered Actuation Design

Army, i, 2, 4 (EPAD), 3

ARPA, ii, 3, 18, 27 ENS3DAE, 3

associated Defense Technology Obijectives, ii
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INDEX (Continued)

F-15 ACTIVE, 1,5, 8

Federal Aviation Administration (FAA), 2, 3,
4,27, 33

Field Emissive Device (FED), 18

fire fighting, 24, 26

fire suppression, iii, 21, 24

fixed wing air vehicles, i, ii

F-I5 ACTIVE, 7

flight control, i, iii, 1, 2, 3, 5, 7, 15, 27, 33

Flight Dynamics Directorate (Fl), i, 4, 18,
27,33, 35

flight stability, 2

flow control effector, 17

fluidics, 7, 11, 33

Fly-By-Light, 3, 15

flying qualities design criteria, iii

for high-temperature structures, 2

frameless transparencies, 8

Future Aircraft Technology Enhancements
(FATE), ii, 27

FWV, ii, 8, 27, 33

Gas Plasma (GP), 18
GPS dropsonde, 23

Halon 1211, 24, 26

head-up display, 18, 20, 21
helmet-mounted display, 18
hydrodynamic ram damage, 23

injection molded, 23

injection molding, 1, 21

Integration Technology, 2, 3, 4, 5, 7, 33, 34,
35

JAST, 7,17, 27, 33
Joint Aeronautical Commanders Group
(JACG), ii

lambda-wing, 9
landing geatr, iii, 21, 23
life extension, ii, 14

life prediction, 2, 14

MAJCOM, 27

maneuver load control, 14

Marines, 2, 33

Memoranda of Understandings/Agreements
(MOUs/MOAS), 2

Mission Area Plans, ii, 1, 18, 21, 33

multidisciplinary design, 3, 11

Multiship Integrated Control, 17

NASA, i, ii,1ii, 1, 2, 3,4, 7,9, 15, 17, 18,
27, 33
Navy, i, ii, iii, 1, 2, 3, 4, 15, 33

New World Vistas, i, 4, 17
nozzle and inlet integration, 3

ODDR&E, 5, 28
Operational Requirements Technology
Investment Plan (ORTIP), 15

Phillips Lab, 3, 33

Pilot/Vehicle Interface, 18, 28
PIO, 17, 28, 33

pneumatic vortex, 5

precision airdrop, 21

prediction of structural life, 1, 12
primary sandwich structure, 14
PVI, 18, 28, 33

reconfigurable control, 17
Radar Cross Section (RCS), 7

Index
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situational awareness (SA), 18
smart skin, 11

smart structures, iii, 14, 33
speech recognition, 18
Structures, 2, 3,5, 7,12, 14, 34
subsystems, 2, 4, 5, 21
supportability, i, 15, 17, 21

Today’s Aircraft Flying Tomorrow T TAFT),
ii, 1, 1i, 28

TDA, ii, 8, 17, 28, 33, 34

Technology Area Plan, ii, 1, 4,5, 8,9, 12,
15, 18, 21, 24, 27, 28, 34

Technology Master Process, ii, 1, 29, 30, 34

Technology Planning Integrated Product
Team (TPIPT), 1

Technology Reinvestment Program (TRP), 3

thermal management, iii, 21, 23

thermal protection, 3

thrust vectoring, i, 3, 5, 7

transparency systems, iii, 21, 34

UCAV, 4, 18, 20, 28

Unified PIO Program, 17

unmanned vehicles, 17

unmanned/uninhabited combat air vehicles
(UCAV), 4

USAF, ii, 1, 15, 17, 34

Vehicle Subsystems, 2, 4, 5, 8, 21, 34
VISTA, 7,17, 28, 34
VSTOL, 9, 28

weapons bay acoustics, 14
weapons integration, 2, 9
wing-body design, 11, 34
within-visual-range, 17
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